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SEMICONDUCTOR INTEGRATED CIRCUIT AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To make the withstand voltage higher, to lower 
the on-voltage, and to shorten the turn-off time by causing 
the respective impurity concentrations of buffer layers 
formed successively from a base layer to the collector layer, 
and the concentrations of carriers propagated through the 
buffer layers respectively at an on-time to satisfy specific 
conditional expressions. 

CONSTITUTION: On the upper part of a high-resistance n- 
type base layer 1 a p-type base layer 13 is formed 
selectively, and on its surface an n-type emitter layer 1 7 and 
a heavily doped p-type layer 18 are formed. A buffer layer is 
composed of first to n-th (n>2) buffer layers formed from the i 
n-type base layer 1 to a p-type collector layer 19. And when 
the respective impurity concentrations of the first to n-th 
buffer layers are represented as B1-Bn, and the 
concentrations of carriers being propagated through the first 
to n-th buffer layers respectively at an on-time are 
represented as C1-Cm, conditional expression 1; 
BKB2<...<Bn, and conditional expression 2; Bi<Ci (1<i<4n) 

are satisfied. Consequently, it becomes possible to make the withstand voltage higher, to lower the 
on-voltage, and to shorten the turn-off time. 
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[0 0 15] 

&mm<Dm, 1 o¥«s#:/f t , mess 1 e>¥ig#«<z>±Ji 

85^SiRMfcPfie$n-5»2a>»SM(7)^2W*»«cH 

i (ommmvm 3 <h> mum 1 t 

meib 3 v^mfrm tomomum 2 ©*«»jB±fc» 

&[sTMftmzm&?<nzmi<Dmmm<Dm4<D¥m& 

as 2 omu^sii 5® ire* 4 ©4* 

m<tm\*. mum 1 ®¥«fM«» *>mmm s <D*m&m 
izfrttT&wzmmisTm&znzm 1 <DmmMv>m 1 

~3Sn (n^2) OAy7rit»U atE*n<Z>/ty 
«IEBl-»n^!y7r«IH IJE» 1 ~JB n <DA y 

7 7®^n-?noii i cD»eao^JW«rs«*B 1 -b 

nfcU KrEWW«ffi«tCBf5t<Z>«JBE&B31raL,WES 

3 , mso^mftmmtzmfetoniiLmztmisxmftm 
t, issmi-^n<©A*^^7ii-en-€ r n$efii-r^^ 

*U7®«ft*C f£#;£l : B 1 

<B2<»<Bn, ^2:Bi<Ci (l^i£ 

[0 0 16] il«B2E«a>«»y-hffl/W# 
-9 by>i?X*<Dl:5\Z* 1UBJ|1-J|n©;ty77 
BO^FjWfeigfiB l-Bn^n^na. 4X10 16 - 
8. 0X1 0 ,7 cm- 3 «)®Hl^JC^bTt><fc^. 

[0 0 17] *fc, »*H3E«Ol8»y-ha/t-f # 

-7by>i?*?<D&o\z, tmnA<o*m»m\*m& 
to. 

[ooi8] zL<D&m\zmzm&m4t£m<Dtm>f-h 

9h9>S*X*MU SlO«fM(DSl^ 

sn$i2©*iioa2o*»*)it. uresis 20* 
mtvmomum 2 ®¥*«M±(cs«sn^ism 

<£>¥3S#Jg ft IC KrE^ 2 0>¥3MWa t SUi L Tl« W lz 

»5©*»»ltti*. mE»4(0¥«M». ME 
^ 1 (0^«#)B^effiESB 5 (0¥**JB»C3&^tT^j5S$ 
n^>|g l i su:^ 2 77i$fU 

bSIS^ 2 OA y y r 9 IS, ^fg^ l 7 7 H «fc K> ^ 
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[0019] z<Dfsmz»z>si&msmm<Dtmy-b 

<D*m»m n izmem 2 <D*mi*m t&st ltwrwi: 
m$ nss 1 o^ticos 4 om^i mem 4 
<a*mftm<D&mzmiRmzBmznz>m 2 ©asms*© 

*i 1 oiHMEi* & mem 5 o*«#iic^JtT»«s 
n*M 1 ©iiioi 1 Rtfjs 2 ©/ty 7 r u 

ME«2©;ty7 7)lll MEM lost? 7 rJIJ: 97 
SJE»l<DAy7TH<oaH»wa#?W 

7m<D3m<D&\zmi&&ti* mfcn2v>ny7 7mtL\i 

[0020] c<Df&w\z&zm&m6um<D*m#&m 
mm*, m&m 1 laaojei&y- hmw h ^ > 
vx* mem 1 o*«*ififc»E»y- hfi/x 

tt, mem 1 o¥w<w»o±ji«fo»dEsn-5* 2 go* 
*si<o^jc;pffl«t, me x;hk«<d*bi \zmn&) \z 
Msnsa 1 1 r#m 2 

MEM 1 RtfM 2 olK1RiR«ncDME>>x JHR«Ji^» 
*£tl*M2<D|8j&BI<>:, »E»2(D»»IB±K^J«$ 

tizm2<Dffl'mmm&t*m&, nm^x.jvum^K 
&m2<D*m#m<D*Mmm±m-\zisfeLT^z. 

[0 0 2 1] C10^iC«SSS*3B7E*<D#**«ffl 

@a». 1 E«©«»y- ha;t-f#-5 h 7> 
i^x^t, attE*i<D*w*«rtfcWE««y-ha!A 

h7>s;x^tm, ttEt#»*ah^>^^ 

tt, MEM 1 ©**ftl©J:l«l:»*$n5* 1 ©* 
•lo^iM^tt, ME»>x;p««©*H»ca«?«jn 

»j*an*M 2 (Dmrnmnm 1 2 

mem 1 arxfg 2 oiett<R«nonE9x;HH«±ic» 

jftSn*»2ttlUHR£. WE»2 0>|fi»iB±JC^$ 

n*M 2 soE»»y-ha!/w 

#-7h7>yX^©WESl-JBnOA777lfn 
^ncD^F^g^igSB 1 — BntC&HT. SBk (k = 2 
~n) =Bk-B (k- 1) , SB 1 =B I tLfzt 
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*>\,>'Tti&—<Dmz&&vTKz>. 
[0022] z<Dftw\zmzmj!tmsmm<D¥m<&m 

vx* t, mem i ©¥#*»rtfc«Ei»y-- hfflyt 

-f tf — 9 h 7 >i^X^i:Sfcir bT»assn*si i RtfM 
Mih7>yX^lt MESIl 0*»ffJB(0±Bfflfc 

»«snas 2 Q««acD)g i ©"jii^t^ mem 
i <DV*)vmi&<»&m\zmnmzM&'2nz>m 1 
s©»i&tf» 2 mem i &xm 2 <d& 

»s«w©iaEMio^x;p««±^riE$nsM2co 

WE»2<0|ftiB^Ji^dc^nsfS2<D*l«l 
*M£*«X.. ME»2©«JMB*l!h9>^x* 

tt, mmmi<D¥m#m£* mem 1 <z>¥»*»©±jb 
sucmem 1 ©^xM^^tstTM^n^i 1 go 

ilioSac^xJMBijt, iJESB 2 

SBl£&«WlCjgj5££ 2 G0«S£!<0M 3 &Z*M 4 
©i£«««^ nE«3&V»4©lCtt«[«m0!>flnBfll 
2<D^x^ffl«±lC^«$n^»3©fflJftJ«i:. MEM 

MEM 1 0^x;HS«©7lffi«aflE*i9EIBil»y- bM 
AW b ^ > yX^MES 2 ©¥«ttjB07*Btt 

>^x * ©mem 1 n ©a ^77 n ^ft-en©^!* 

feSfiB l^Bn lCj3t)T« SBk (k=2-n) =B 
k-B (k-1) , SBl=BltVfz£2, MEM2 

<DV3L)]smm<D^nvmm&sB i-sb n ©5 

[0 0 2 3] £©58WK«S»#^9E«©*^^-^ 
^7W3p-^ |>7>vX^©S1jS*^«, (a)Ml©# 
^|g!©mi(D^^^qi#T^X^^yi:, (b)ME 

m 1 <D*mfr®<D±mmzm 2 ommmom 2 <D*m# 

m*mfttt\Zl&f&T2>X7-y7Z:. (c)lE^2 0^ 

#m<Dmm\zmi <DmnM<Dm3<D*m&m&miR&}\z 

3 (D*mt*m £©p« i j©mem2 <D*m&m±\zi&mm* 
Mnxfyyt, Mmm&mm±\zmwmm&& 
&&~rz>x7-vzft, (omemi©¥»wiw;:me 
m 2 <D*m&m tn^xm 1 (Dmmmcom^ <D*m& 
m&m$i&}\z&f&-r2>XTy7't, (g)we^4co^ai 
<tm co mem n co/ 1 y 7 7 m <D&m \zm 2 <ommm v>m 

5 ©^8fti€:a««l:Mt5Xf7^t$i^, It 
EXf7^(f)ll M 1 ©*mM©7iW^^^6<j^5I 

MEMl©¥«^^e>MEM5©¥*^^^nt 
TSVitB»-r-5Ml-Mn (n^2) C5Ay7 7lS 
ME»4©*ai*JitbT»J«L, taEMl-MncoyK 

y^r^n^n^Mi^m^co^^ias^B 1 ~ 

BntU «reffi»*SBBIC0f£C!>tt£E«S)ftlLMEM 

3, »5©¥*ft:JBni»CBffi<9*tt»SH)eLTME» 
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t'JT^IS^Cl-CniUci:^ : B 1 

<B2<-<Bn, ^32:Bi<Ci (l^i^ 

co o 2 4] zL<D&mz»z>m&mi omm^m^m 
-7b7>i?x*£ msmzm h7>i?x?t ^©jgr 

^S^ot, (a)Sfii:^Sia)*i^l«) 
£^m-£Xir^:/<h* (b)fiE!l§ 1<Z>¥**# 
BOiiJiffilcje 2 co#mS!tf>|g 2 <©4*«M«B€:»KWte 

h<DN\o>mmm2(D^m^m±izm 1 <o»jRK^^-r 
5^7^t, (e)mmmi<Dim&±\zmio>m'mn 

S«s»«t«xfy?i, (f)i»ESSio#*#jirt 

KfflE* 2 ©*W#»tfflStl^T» 1 <Z>3g^£!0Djg4 <Z> 

<D¥m#m<o$ifcs&n tony 7 r m<D&m\zm 2 <Dmm 

HEXry^OH » 1 omsa^MttSXtt 
MKWA-T** 1 -»n<0^»fi«!F«A«t31««*M-r C 

IZfrVTKWzm&TZmi-mn <n^2) ©;ty7 
7»&tffEJM©¥«ft*£LT»J«U KMEXfry^ 

(a) - (g) \z<k 0 f»E»»y — h S / t-f Jj5«7h7»*X 

m 1 <0««£!<0^iW»»«£B 1-BntU SiJEfWfliP 
«««fcW£0*EE&fttWLMEJB3, IS5CD¥*#JI 

IWfc«**Mrr*>4W»K*ViT(BrtE« 1 -inwt 

y 7 r ■-tn-ensea-r * y 7 <z>ig&£ c 1 - c 

ntU^t, : B l<B2<-<Bn, 

32:Bi<Ci (ISISn) *#fc*JEU (h)tt 

1 <0*«gojg 1 a«jB 2 ettmweatinfcBj&r 

5Xfy^ (j)«9ESlX^*2<3!>lt»«aW<D9(r 

EOx;i,^JiJc®2cD^j|tK^^"r^X5 L ^^<h, 
(k) HttE^ 2 0>fUUR.kC8 2 0>ffl«mSffi 

(b) fcHEXfy ^(h) tic^lt^m 2 a>»«ffl<Z>:**6«& 
[0 0 2 5] C(D5891l;:«*»3M|l 1E«0**#» 
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®<d ±mmzm 2 (Dsm^KDS 2 o^«^^stRw»c 
sg i <o&nM<Dm3<D*mfcm&miRmzMm-?2>XT 

y?t. (d)iiEil <Z>¥3M«B tUtlftm 3 
£©IBG>aMB!B 2 <D¥*#/I±(;:1?§ 1 <Btt»BI£^f£-r 

kiue® 2 o^ftitMLtg 1 <Dmmm<Dm4<D 

^SftiSI^WC^tSXr^yt, <g)l!9EJfi4 

co¥*^cot9fB^n <o/\*^ 7ym<D&m\zm 2 <Da*m 
5 <D*mftm*miRmzmf&-Tz>x5 : 'v e 

S!R«K:$flAirsf& 1 -*n<05F*fi!»*AJ!L31^J@^:Jfi 

ffJI^ItTSV^miT^lll^Sn (n^2) (DA 
^^T©*filrEm4a>^*«:^^bT^J«L, memi 

(g) ic j: 0 t9E«j&y - h m/^ 7$-?h7>i;x* & 
^msicD^F^ais^B i-Bntu tte<m*«« 

rfi-e-n^n^es-r*^ u T<omm&c i^cnt 

l>tz£&, *ttai : B KB2<»<Bn, *fr5t 
2:Bi<Ci <1£ I Sn) SfttetflJEU (h)lttE 

31 i <D¥»#Ji<0-h/iaHc3l l ^isi^^x;^^ 

xr7^, (j)t»E»iKmB2ofeik««mc!>ttE 
^xjVS«±i:l 2 oMftKeafirrsxr' * :/t. 
(k) f9Efg 2 w»j&K_b}cm 2 omtlSt»dtT« 
Xry^m, ME*^:/(h)~<k)l;:«fcDi9E« 

»»*aih 9 an. imx^y^ocD 

85ES i ^&n<D^mw&x9i! i m<D^nfr—<Dmmh 

<D*m®<o*Kimmm*Jktt&m-\z~rz>. 
[oo2 6] cemiic*«iMHti 2e«^^»m 

-9 h 7>i>X?£& 1 Rt/m 2 h 7>is 

«*SOX l o**#l*M«^fy ^t, (b)» 

E^ 1 <0*««:B(7D±g^Jcm 2 2 CD¥ag 

MMRWCJWTa^Ty^ (OHESB 2 <D¥ 

mftmnmrnizm 1 o^m^o^ 3 o^twii^iKn 

l:»rtt57fyyt, (d)WESl<7)**frBtt?rE 

jb 3 <D¥m&m t <Dm<DM&%z 2 ©**#»±jcsb 1 <o 

^*lo*HPM»ftWj*-r*x^y^fc*. (ONES 
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i <D*m&mft \zm&m 2 tssst its 4 <d 

o**<M0MBSnony 7 rmvnmzm 2 <oagm 

{d*ntTSV^-BST^mi-mn (n^2) ©Ay y 
riM*t5Xfymu MEiBl (l^i^ 
n) ©/ty7r)Btt*l-Jii0^tt«lWAfflaicJ:D i0 
=f«4fcti*^R3fean» WB^fy^(a)-(g)i:J:0|» 

E» 1 ~* n (O A y y t m^rtl^tKDm 1 CD^m^lcD^: 
*fi$J«g|£ B 1 — Bntl, ttBflm«KIJf%a« 

*wtUTWEfB3 f iisowmjintcwcflrrt 

>4KMIc«^TnEllllH*nO/t9 7TJKn«n 
*fiit4 + V 'J 7©iK* C 1 - C n i l/fctf » ft 
frSCl : B KB2<-<Bn, ft#j£2 : B i <C i 

cOijigBlcSfS 2 t7>#«g!CDSB l ©?rx^««ft»iaW« 
Xfy^i, (i)ffirE»l©9x;v««a>affi^JBl<Z> 

(k)gt}Em2©»j^K±icm2©$g«i«ffi^^^^ 
<t o ftjrEJg i com#5*mM h ^ > * 8fi ts n, 

(l)ttB* 1 0¥*fMa±M*HI 1 <Oi*S£!<Z>|g 2 
©•JxJMW&JgjStSXfy^^ (d)13ES2(0^ 30 

x/MMtoM \zm 2 <z>*g«Mcosg 3 4 <o&iasi 

«?:SR«l:M^Xf^yt, (n)ftrE!fS3Rtf!g 
4 ©««««(WOWES 2 o^x;mb*±ksb 3 <omtk 
KMTSXfy^t, (o)m£&3 0lBflW±l;:ai 

!HXf7 ^(i)-(o) IwJ; 0 MiEffl 2 CDttJMMS h ^ > 
^X*MB«h, WEXT-y^WijttEX^y^ai) 
tfcSlt* JB 2 OV«a<071«tt(07N4MRft«Aft# 
fcH-KTStifclc, l9EX-f-yy(f)ottE*l- 

too^tmmmm Aft# * ra— ic-r a . 

[0 0 2 7] 

n<i #—y h7>yX5'^l-Sn(0A , ^77lll 

fta«$Bi-Bniu <H»«aajcBfje<z)«£ESBi 

an LIS 3, »5©**#JBIBKBT5Efl!)«tt«*IBeUT 



«fBI¥8-2 2 7 9 9 9 

<Dm&&C 1-Cn ftftitl : B KB 2 

<-<BnWMS2:Bi<Ci (l£i£n)£ 

[0 0 2 8] Sl-Sn^y77SM#S2$«£ 

-?z>z.t\z£ r)*>vtmmz&ttu*>mm*'&z> z. t 

[0029] a*3i2E80^y-M;H# 
8gBl-Bn$3. 4X10 16 — 8. 0xi0 17 cm 

[0 0 3 0] &rc, Bt^3i2«0*6ie^-h^A<^ 
[0 0 3 1] ^(D«^^Mf^4E*<D|UKy-h 

i/M ^ h y > >>x ^ ©m 5 <D*m#m \tm 1 

[0 0 3 2] Lf:*^t, 

[0 0 3 3] COKBMSItSlimSEKOlftBy-h 

saw #-7h7>^^o«5 <D¥m<*mt*& 1 OA* 

y^rJf ©SWc^j&^nsfcto, 2© 
A # 7 7 7Sck0t)(E^l co a* yyrmtms <D*m# 

[0 0 3 4] Lfc^T. »5©*W» 
■*>S Jttt «<g*g&S£ 1 to A y77i**l/T*t'J 

[0 0 3 5] ilCD^lC^tt^K*Jl6e«c7)^*^ 
«tsFKfck «m*fflh^>S?X£'©Sl2©W*3!©9 

^x^coS2 ©#mSJ©?g 2 ©¥*#»©*«»«£ £ 

t *w-isTKa-rs z. t^e*. 

[0 0 3 6] 2KO^^IC^^«SI**7E*(0¥»#* 

— ^ n <D/^y y y m^rn^tKD^mVU&g. Bl-BnC 
&^X, SBk (k = 2-n) = B k — B (k-1) , 
SB 1=B 1 tlfctcf, «^m^lh^>vX^<D^ 
x ;i/««<Z>5f SBl-SBnC-5-6 

[0 0 3 7] ^/c, ftftitl : B l<B2<-<Bn£ 
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ffifcT'«. g 1 n ©A*y 7 7@ttS 1 n 
^ Si (l^i^n) ©ny77lHSl-SiW 

t&tom x&m \z£% ^mibwi \z <t o $ 

(Ci OK3E$n^TW«rtlKttS B 1 - S B n <hfc*o 

[0038] ^(DftWiz&ifzm&msmmvm&fcm 
)vm®o*&®imm*m 2 <D^m»a<D?FKmmm^m 

\,>Tnfr-<Dm\zwtfeisT\,>z>. 

[0 0 3 9] Lfctf^T, I10f^If7>^X 

v^x^cos 2 o¥3i#:Ji t &m-i:m*vm&Tz> Z t& 

T^, &ff^l : B KB 2<-<BnWct^<g 

1 -*n on? 77i«si -in n^mvamx&mz 
&z>&m&mz±r>§imt£rL2>m&. m2<Dm&mmm 

[0040] z<D&mz&vzm#m9mm<Dmmjj& 

»«««fc»f3e<0«JE&H«inl/»3 f %5<o^@m 
KBr>e®«ttie«:BBeL,T3l3. »5 CO¥W#*fWK:« 

f, MSl:BKB2<-<BnR«2:B 30 
i<Ci (l^i^n) &#\Zffi&TZ. 

[0041] mi~mn<DrtyyTm&#kt¥7$;2zmf£ 
Tzzt\z& K>*>ftmmz&frfc*>mfr*mz> z t 

fl*-?^ S 1 -S n ^) A* 7 7 7 1 

[0 0 4 2] Z<DfZW\Z&ftZmjm 1 0fE«<Z>*i3M*: 
VX 9 (DUmiLMcO X r- y y (b) tl^MS h 7 > x 
A*jrefr3fc«K Xf7y(b)tXf7^(h)(!:&W 40 
[0 04 3] CCD^{-^tt^|9^i liB«<o¥«* 

W»iSXgOX^y^(h)T(OT>B»»A«l3ai:&iS|— 
©^tt««a*A*ft7?fT^fc*, fBl-»n©^F3W» 
*A2L31(0^m^— Ojail^x^y :/(h)«i:£|5lB*l;: 
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^X^OffljgX^X^y^tt) <h!g 1 Oi^Ii h 

^v^A^^fiiaxeoA^y^ch) t^f^i— (o^mm 
[0045] ssic, m&tf-hmrtm-? h^>i^ 

A4[lS<7>(,>-rn^-^«lS < hm2 CD^S»mH h ^>^ 

a 9 (Dm&nno a x ? ^ ( 1 ) t <D^m<tom xmm t, & 
m\z^T^>zt^^^ 0 

[0 0 4 6] 

GKltM 

«s& 1 <D$mm» 

<mm>m 1 1 o>mmw\z^mm 1 g 

BT<DtWM#§S£^T^BnST&*o IMStC^-r^^ 
IC> JSgiinSI^-X^lOJi^tCpM^-A^l 3 

**a*?eaic*j«^n* cicop^— x® 1 3^Mtrs 

v^cB^UTnMx^^^gi 7Rrm8Spfii 8 

t*t»j«*n, nMs<-xmi<D_tmmzpM^—xm 
1 3t*ibTfiagni;^7 7®i lifiwasn, 

IlSnin777il 10±JIgBlcig*£nSA-/:7 
7ll 2^S^»lC^$n, SiSnlA'7 7 711 

2co^®lc:pllzii/^^gi 9a*a#Wlc^$£ti£o 

pmziu?*mi 9 tsagin^-xjii 

KBa«niA f 777il 2tgaanl/\ t 7 7 7i 
1 li*Wi-fc«liBta*. &«U t«SnlA*77 
7il lWSl*nlA'777ll 2 07M4UUE» 

[0 0 4 7] 02 Ote, SlCO^Jg^Ofi® I GBTO 

i^ra^-r^, 02 0 ictkt^ic, ffisspSAi 

8, nIX5 7 ^| 17< #iji/ijn>il6, nS^ 
-XJlK fiiSnIAy77ll 1, KJttnS^y 

n^R^T^O. KaSpIll 8(D(*gffl^nSIX5 

16, nSJ^-XJll, fiiSniA7 7 7ill> S5 
SSnS!A-/7r® 1 2RZtv>mzi]/t7?mi 9C0HT 

[0 0 4 8] fit, nSX$7^117W-a pS 
^-711 3<D&M%iZSnm^-xmi<D-&±\zy- 
h«ftRl 5*^flESn, y-hlfijRKl 5±(c^-h 

M«tbT««B"r-6*y->y3>Ri 6^»«$n 

nfiX57^Hl7fttf!*aSpaJB18± 
!3X^-/^mffi2 O^JES^n, #U->U3>R16± 
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[0 0 4 9] <nm^m>m 2 ^>m4\*m 1 nnmmv 
mm 1 GBT©»a*tt€:*"r»fBfiaT**. stf. h 

[0 0 5 0] H2lc^tJ:^l:, Bgttnl^- 

xm 1 »ca«iw»cnaio^ii«*-f 1 x 1 0 

l3 cm- 2 (OlTaA (Sl^ftSA) U ttffi^ii: 

7il 2&J&&*?*. l/fc^T, ie«SnMA*-/^r 

Sm^rSl lMB»Snmy7ril 2®^« 
«J»ffi«a^f ^>^fr^ 1 2 ^t5. $ 

^ lz M&Si n^XllO _mgg Ic ffiSS n * 7 

*-&tpS^-xjb 1 3 &MfSrrz. 

[0 0 5 1]-*L 03tC^fcfc3JC> LOCOSS^ 

SftJMtU 7-f-^K8ft«14Rtfy-HBWl 
5 ±ic# U 3/ »J n >JS 1 6 SJgdET*. 
[0 0 5 2] fit, 04^-Tct5lr, #'J$/«J3> 

UEECMOS h^>^X*(DK&<h^8UC, 

ill 3 hSffl^TnilS y^i 1 7£ 

si 2o*ii:pSdi/^^h 9^mamzmmr 
m 1 7 fttfKiRSpaM 1 8 -etvenic— «±k:x5 * 

ffi2l$MU pi^^^Il 9±tcni/^^mffi 
2 2£J&J5jci-*;i£fci:D, Bimfc«fflIGBT 

[0 0 5 3] H5ttSBl<0*Jt«l<0WHIGBT<0^MI 

^7Tab^>o RBlC^T, Ll^m^COiaS, L2#IE 

^was^-en^n^L, t>et«xa7^ti2o 
2*5 v(raneuT^«. 

[0054] mi <Dnmm<D&mmffi&i gbti:*o 

iSnI/^77Bl 2JlJ:0 2aB©«»c»»*c: 



(11) »M¥8-2 2 7 9 9 9 

a? 

vmzuspfm i 9^essa*tn^-xH 1 \zft&v 

[0 0 5 5] *>«MB»tel4ffiMEnffl/ty7 
711 lfttXKiB«na!/^7 7)Bl 2^tl^S 
t5+tU71S^nIA7 7 7ai lfttfl 2 05FW 

OT»Sni%77ii 2-en-?nco^Mft«fi*^ 

JTT*. 

i0 [0 0 5 6] *r<OtSM* nM/*v7Tmi IRZtl 2<D 
mm&i>MziU??mi 9ri>£i^tn;n£K-Xgl t 

<Dm~c 2 mm-e&m-rz&o \z-?z zh\z£ ot>iE 
rV7<omitt&*totom&\zKitm?zfttb* 

[0 0 5 7] ffilnIA7 7 7il 2RZSI 3<DMm\* 
V^o l/:^T, na/ty77lll<5BaHi*>Rfl: 

a? *«*LVi. 

[0 0 5 8] ft**, ©SSfcMTB:* 2^<DJ|&*>F 
tt«SKOfi8Sni;^y77Bl lJK«M«n8!/t 
77711 2l:«kDA^77S«&i«l^ 3 OK 

[0 0 5 9] -$~fct>*>* ni^-Xfl^5pi3l/^ 
^11 9lC^HtTmi-^n (n^2) CD/ty7 7lT? 
A t 777iS«fiJSLTU^ ^1<DHSSWT«> n = 
2T> % 1 ©/t7 7 7l**iianMAy 7 7i 1 1 IC 
*3U S2WA-/^T^ii5«a[nMny^r@l 2 

30 \zm%~rz> 9 

[0 0 6 0] 11-111(0^7 7 71^^ 

i -ino/ty 7 7ifnfn^it5^t u 70s 

&#jU : B 1 <B 2 <—<B n 
&#j£2 : B i <C i (1^ i ^n) 

[0 0 6 1] fcffU AffftBEEWtf*-^^** 

f§*Kte, i:i2^ici&cx*fr^2*iej£-r^ttffl 

[0 0 6 2] «nIA!y77lOia»aitt»l 
GBTcd«j§{C^^^)*^WEE, 

[0 0 6 3] 
[SI] 
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(12) 4$Bf!¥8-2 2 7 9 9 9 

21 22 



SO I Stifrtt 


(Ei2) 


(B13) 


n c h-H V MO S 


nch-IGBT 


t SOI(ui) 


t ox(ua) 


I d(mh) 

Vg=Vd=5V 


BVds(V) 


I c (oA) 
Vg=Vc=5V 


BVcas(V) 


t f (ns) 
Vc = 5 OV 
I c=10mA 


10. 0 


2. 0 


4. 5 


0. 0 


6. 5 


3 6 3 


18 5 


10 0 




1. 0 


7. a 


3 0 9 


18 2 


2 8 4 


5 9 0 


20. 0 


8. 1 


2 7 4 


1 7. 5 


2 7 4 


3 9 0 



[0 0 6 4] ^lK::fcUT* tSOUJniM3 3 

coRiP, t o xiiK«3 Komm. HVMOStH 

Pffl3 ?m 1 9 S:n^Oii5««®««CH^»A^« 
igOiamflE^nHMOS h^>^X^^^b. Idli 

vcraim nmmmnmm i gbticw^ 

T<5n*80} I GBT^nl/^^tE BVcestenl/^ 
x^u/^fkliKEE, t f \**->*y&m t f, IC 

[0 0 6 5] mico^w^aA^icfTo^iou>aA 

*U ^lS^2(7)^^ttANF»CfT^^lRDfm2<D 
m\Zl x l 0 13 cnr 2 j^±&^-Cifc*^ S£1CD'J>&A* 



*M2X 1 0 l MC-fn«I GBT©3l/^^iSSlC^ 
18 2-17. 5mAtlffi«4>n, T^t)^^>^ 

mJE$r®MT^^^Aa^2c7)U>aAfi^4. 5X 
10 ,2 cm- ? O«^ IB1 WU>aAS««Jl x 1 0 13 

cm^aiiTt*. c<z><h^ >:*-:?wriHit f *> 

MF#«Hfl>5 9 0 ns fctf«T€r<5. 
[0 0 6 6] "TAto*, m I G B T 

a? ic&ut, si*>^nsi:$na-r^->iiAS«»i(D 

U>ftA*&U. 0X10 ,s cm- J T, ^20U>SA 
S**4. 5 x 1 0 12 (Z>®^T&*o 
[0 0 6 7] S2 li'J >ftAit nl/^777l©^« 

-ft>IIAX^-}i8 0keVT»0> ?T5&3M£ 

[0 0 6 8] 
[3E2] 



«j > & a m 

(cm -2 ) 


y i ( $i m ) 


n^y7r 
(cm -3 ) 


! 4 . 5 X 1 0 12 


1 . 5 


3.4 xlO 16 


1 X10 13 


1 . 8 


8 . 2 x 1 0 16 


1 X10 14 


2. 6 


8.0 XlO 17 


1 x 1 0 15 


3. 4 


7 . 8 x 1 0 18 


1 x 1 0 16 


4. 8 


5 . 2 x 1 0 19 



[0 0 6 9] ^2 fcfcWC, y i IS^KttSftft* 1 x 1 
0 16 cm Mc^l-r^Si^^-r. ^t>^AM 

<Z)4*ttffil8L 3 K 3 IC&S. ®14tc:fcl>T, y 

[0 0 7 0] 82^6, J!S«ft8l2<DU >ttA«lCft 
5 x l 0 12 cm- 2 <£<;t>&ACD4§^<Z>tf- 
^»Ste3. 4XlO u cm- J TfcO, IM^IW 

U>aASlC«S-T5 1 X 1 0 13 cm" 2 (0l't>aAW 50 



[0 0 7 1] bfc«tt>T. fBl I GBT©#| 

«8. 2xi0 16 cm' 3 ^0, S«Sn^|A*^^T@ 
1 2(D^F»fittfcf— ^£Ktel 1. 6X10i«cm- s (OS 

[0 0 7 2] gl/l^, 3SJ1I l"*JKD»EE, ^~ 

>*7»l!B28fclX*>»BESaU$-rsn«a 1 <Z>»J >&A 
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SOfE^ttl. OxlO' 4 cm- 2 gS^^tfti$tl 
S&l &Z*m2(D*)>&A\zl:Zi) >&A§cD|fi 
fflte*5:fccfc-£-4. 5X10 13 — 1. 0X10 H cm- l g 

43»S^«*«««3eieHtt*2^6» 3. 4X1,0 16 
-8. 0xi0 ,7 cm- s igm^ 
[0 0 7 3] «^2(OHSS0i)» 

£D*fi*lt£n;«£}$/f 3 2 tnSIStt»3 3 <fc£*TT 
£0*^ ^S««»0-&t>i^rSO Itt^S I MO 

[0 0 7 4] ^tt^3 3JCtt, K«EflB!IGBT©» 

««6 1 i*««*»«ir-5fc«6fc. nlStff3 3 CO 
*BB#SKffifcjWtT»ffcK4 8»tf#U ->'J 3>S& 

[0 0 7 5] »J«««6 Ofc#J5fc$n**3! I GBT 
tt, «T-CiS^S<fc5^ BIl-C^U/tSll<O^Jfiffl|CD 
ffi^l I GBTiB-OjttMLTV^. nSfSf±g3 
3 4>±jnE(CpSK— 3&m$imzM8L2tl* Z 

7st^jaa«pffl»i 8t^ft$n, 

X/l 1 <D±mmz pi^-Xl 1 3 £»£LTi£»£n 
SAy^rJil l#*J*«*n, {SiSfinSJA'y^TJIl 
l©±iS^8SniA'777ll 2^S«»IC^J« 
2*1, B»SnSJ/\'y^7/f 1 2<7m®lCp^nl^^ 

si 9^a««jtr^$n^. nix^^^n 7<d— 
i 6±fcy-h*«2 ia<#*2tu piin^^ii 

9 J:lcr3U^^Sffi2 2^^$n^>o 14tt7 

-y— ;n*iMtirr*s. (siSniA^7 7ii 

[0 0 7 6] E£fi£»&6 llZBf&ZtlZl&mEECMOS 

nS9xW 5 »tf p Stfx;WB 6 ^1^C^$ 
n-5o fit, nH*X^»5©*ffifcy— h«*8t2 
5 2S^rX^r— h mSg? t L T«1W* 4* U -> U n >jR 2 6 

3^XKnic»j5Edn, p^^x;i/^6^^D5izy— 

l2 8^M«l:M$n^ pS»>xj!/B6 0«I1 



(13) &B8¥8-2 2 7 9 9 9 

24 

T# U yUJ>*26 O^fflUfC V— ASt^ FH 
^^ttft»S^H:«ft9K»ffi^:pSa:*S3 4&tf 3 5 

*«$n, pM^x^H6<z>»®±(c>Fie«i«K^jt 

tt»*«flEttnfflttlMl3 6a(tf3 7*t»**n*. * 
IT, piffiai3 4, #U'>'J3>R2 6Rtfp8!i£ 
»13 5±I:, y-h«S7 2R»H 

K>tS7 3 # ^n-eruMte *U n 3 6 , 

#U'>'J3>R2 8&^naa»i3 7_hlCV-xmS 
74, y-hmffi7 5&tf FU-f>mffi7 6^jEg$n 

[0 0 7 7] u(Dtt, m2cD^JS^C0^#^miS®K 

m&<D&<Dm 2 (do >jtAioMK«n5^i«w 

SncteBEPMOS h^>i^X^C0n^^x;US5(D^ 

[0 0 7 8] JUUAT. i^IffiStSi I GBT(Dp£K-X 
111 3<hiSl»JBEMOSOp^^x;^»6i:^[^— O^Fffi 

[0 0 7 9] (JjfiLfciSK, S2(0^(Df»ftt 
20 «0»©*aiGBTtt. fflWnS;^77il 1» 
»B»«nSAs/77il 2©^H»MBtt^ftt 

[0 0 8 0] <fi^fe>|g7Mai 3te£OSg2CQ#i 
JBTF. H7-H1 3S#BBbTSS2©*16«i|0*SIM«ft 

[0081] m7\z7£T&?\z. Sterns 2. m 

30 fc»3 l&tfnffi«tt»3 3**6fcSW^fcrt*:SO 13 
fiOnaB(tl3 3©^I^bLT8<kR4 0^* 
U Rfl:R4 0 ±fc£ftBI4 1 £*£«U &{tBl4 1± 
\Z\sV7, h 4 2 ^Ml/I/yX h 4 2 x>^"T 
/^-X>y$nfcl/^h4 2^7X^tLTn 
IAy77il l&tfl 2<DMfgg«(0SftR4 1 
*tt3sU&fk 'J>^3XlO lJ cm- 2 ©aAI (SI 

[0 0 8 2] fit, 0 8 \Z7fz-r& O \Z. l/yXh4 2 
1 2 0 0tTjSJ!llLTfiiSniA^77 
40 ill &mf&lsTz&. SfcR4 1 &tf&{b®|4 0 £R&* 

u sgsoi s«o n mm&m 3 3 r wsaw n 

fti5 6 JiKSMMU 3*JBHU S«4 3±CUy 
X h 4 4 1 1/yX h 4 4 ^/t^-x>ns. A 

^-X > y$ 1/yX h 4 4 ^TX ^ t LT, 

nSAy77ii 1 &*)tem&ft<ommmnm/*yyT 

m 1 2<a^/&^^#£CMOS^<Z>PMOS 
xX^Onl!'>x;ng«^8B»oaftR4 3 <h£RS* 
U U>£4. 5 X 1 O 12 cm-'tDSAl (S2(DU> 

50 axm) t^a-t^o 
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[0 0 8 3] *:<D'&, 0 9 1:^^1:, l/yXh4 4 
1 1 0 0tTMSlTnS!^x;H5W 

f^iTT*. fit, 8«5 6±l:i;yXh4 6$M 
U UyXh4 6£/^-->m. ^<7>^ OMO 
S^fONMOS h7>^X*<Z>p^x;Wg^5£6S 

^>J;5l:/^-Z>^$nfel/yXh4 6 £^X^7chL 
T, *P>S:lX10 l3 cm- j aAn, 

[0 0 84] # Id, 010 fc^f <fc "5 \Z. kyXh46 i0 
fcfifcSft. 1 1 0 0X:i?mmWl,Ti>MVx.)\,m6RZf 

v>m^-xmi 3&&!8rrz. fit, £mzmitm4 

7£Jg|£U MS I GBTOM««6 0 £<EiS*JBECM 
OS*f^)M®«6 1 &0M0«Mfe^4 8&tf#V 
> U n >*I&*B 6 3 Wf£««t©*$RibT8ft 
I4 7$/^-->m. fit, A*-n>^sn 
fc&*fcK4 7 $7X^<hlT, n^g&Jl3 3tC*JLT 

^v^>tft&mzmLmtm3 uzMrz>&v\zh\/> 
^fe»«-r*. Kitse4 7^^iLhi^>^gs 

fft^iIi:#'JyU3>$WU nI»SI3 
3 <Dmm \Z — ScT -5 tT#'JyU3>SX7 ^/t y ^ b 
T4> U »J 3 >m^.g 6 3 

[0 0 8 5] fUT, 0 1 1 K^r^K, LOCOS 
feT7^-;H^llbll4^U *T#Si#^7-r 
&fc:y-HKfl;§l5 i£»i«u ±iBl:#U'>'J3 
>&5 2£itQU 3t?UyU3>5 2 JLKl^X h 5 3 

Cl/i^X h 5 3 $/^-z>^t§ e *<D 
/^-->^n^l/yXh5 3^TX^tLT^ 30 
U yU3>S5 2 £#US:£ttxv/ ^>^S£;6£LT 
l/yXh5 3$»St^ 9 
[0 0 8 6] -r^t> 0 1 2te«"T«fc3fc, 
1815. *Uy'J3>il6, Y-M8RBI2 5, *U 
yU3>R2 6, Y-btmm2 7&WJy»Ja>|g 
2 8^$n§. ^©ft, ±SJCUv^h54<£^ 
U CMOS3H^DPMOSg&£gtS!l GBT©pi3 

5 4^;^-z>mo fix, n9—->#^nit 

UyXh5 4l:TX^tLT 4 k*$4X 1 0 15 cm" 2 40 
^aAlTaAt/S:g, l/yXF54 £8fc£rf £«, 

[0 0 8 7] #tC, 01 3IC*-rJ:5fc, ±SJwl/f/X 
h5 5$MU CMOS^f^NMOSa&r/IGB 
TCnSx^ y^flteBiJi'SlCU^X h 5 5£/^- 
~>^T*„ fit, /^-z>m^I/yXh5 5 
^X^d:l/T> #D>^4XlO ls cm- 2 0ttAlT 
aALfcffc. ^>'Xh5 5^it^ 

[0 0 8 8] ^TMI^I. pS!i£«Jf34, 3 . 
5, niMB3 6, 3 7, illplil8, n^X 
^ Vi?m 1 7Stf nffl'S-XJS l £JgJ*U /W~>^~ 50 



4*^8-2 2 7 9 9 9 

>K^LTpStS«@3 4±CV-Xtffi7 1, 
#Uy»J3>B2 6±W-HSffi7 2, p§ySSf&Ji3 
5_hlC Fl^f >H@7 3, nSlfi«13 6±l:V-XS 
S74, #Uy f Ja>K2 8±l:y-hSg7 5, 
S»I3 7±I:HW>M7 6, nSX5y^I17 

MSMpiii 8^-n-eno>-BB±icx^^^«a 

2 0, # 'J y U □ >K 1 6 Mg 2 1 , pUn 
V2*m \ 9 J:lcni/^^«ffi2 2 £-eft^n?£*£L 

t, ^n-rxo^ffi^Dm-rc^-cmicoiissCTo 

ffigi I GBTtfiWJBECMOSXTSH— »tEfc»«L 

[0089] %2<j>mMm<»*m^mmw&. tm\* 

1 2caj£fi£09&<Djg2<DU >^AS<D^TS3e$n^^F 
*B«««KfiWJBEPMOS h^>zSX?(Dnm*yx.)Um 

-XI 1 3 <£:eSffiMO S £> p MV^)VM 6 t&H— O 

[0 0 9 0] Lfcrt^x, »2<OS5Jfi«<0*W«^«lHl 

7S1 2CO^O^>^2COU>aAfit?®lfEEPMO 
S h^>^X^(DnM^XjVS5C0^jW«rSfi^t)^ 
^IgtBiffinIAy7rSl2&r; 

[0091] JnAT, i gbtcopSK-x 

m 1 3 i:ffi»ffiMOS<0pS^x;WS6i:*raD^tt« 
frAm-cmffcTZZt^Q^ H-IlTpS^-Xi 
1 3Bfetfpffl^x;W16&»JBS-rS2:t*«T€r-B. 
[0 0 9 2] * H-XlT?S5i*nSny77 
JS 1 2 Rtf n ^x;V® 5 $Mi-IgTfr, pSJ^- 
XJf 1 3 I^x;H 6 ^ i^tf -5 

[0 0 9 3] ®«<^ffii&JECMOS©3gX^-m 

KBffil GBTcD^^St^ffiSE-r^il^^oIflgTf 

So 

[0 0 9 4] fciS* ^2<O^S80U(D^«^«llHl^« 
ilGBTTH 2r3<0»ft«^««i««a>ffi«*nffl 

^ 7 r««S«fiKbfe^ m l <D?lSS0ij<£>6tSJ I G B T 

Rfil, 3 ^£(10A*7 7 7ll;<fc 7 7^$«^ 

[0 0 9 5] -tfot>*>, ni^-Xil^ep^^ 
?mi 9\Zfr\lTmi-mn (n^2) OAy77l 

-e, &n^^r^^mi<^||^0iio^fl=s:iR^^ 

[0 0 9 6] fit. nfflO^««*a«ttfc»A-r<b 

l^nOA*777i^Mn, CCDt^ JBi (1 
^i^n) OAy^rHttfBl-miO^Mtt^Ajaa 
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\z&K)*K®m8l&m&2tiZ>ztz\zteZ>. ft** Sg2 

nl;ty7ril2i:*au » l w WfeiAJai^ 
■ ioU>ftXti:J:«U M^fflSic 

[0 0 9 7] ^LT, mi-mncOA^^r^n^n 
CO^jffi^aSB l-Bnt;:*V>T, SBk (k = 2- 
n) =Bk-B (k— 1) , S B 1 =B 1 <h b2t<h^ i0 
|g 1 n © W»»A»Kn? Wc J: 0 RSS ft5 
***«J«£teS Bl-SBn £ft* 0 

[0 0 9 8] Lf^oT> n*x;P«*5©*ttft*« 

^sBi-sBn©^ ^ftfr—vrnzwefct n\t. 
\z n ^x^g 5 *m&?% - t*«T«, susisostig 

[0 0 9 9] «m3<7>^JS^J»m2<DHSS^JO!)«tSI 
I GBTcOn^/W^rWStep^nl^^gl 9coT 
tC n 9«ttJ| 3 3 Wlt^fc^ 0 1 5 fc^f® 3 CO a? 
USe^CO I GBT(0ct^l:, tiSniA777ill 
£nlH8ttB3 3(7)^ffi^eaS^M31L^i6^K{bK 
3 1 i»ttT**aK«jSLT*>. SUfttf»2<03OI& 
WOT«|^f I GBTiJt*6JlcH*0«6**#*Jlt3»T? 

[0 10 0] l3^i^«IIGBT©»jg 

wu n ^^tt® 3 3 <z>&&zm 2 <Dnmm<Dmm\ztt'< 

[0 10 1] ft*, 01 5Tttm2<D^Sg^<0#*»m 30 
ISIhJKcD I GBTKtt&bT^bfca*, 31 1 <058Jfi«<B 
IGBTIC»J6S«^ filSniA*777ll 1 

£ft*o 

[0102] ft*. » 3 OHJfi^J^a^ I GBTOTS 
#ttMu 0 2 OT^bfcSIl <D^«0J©¥BB»«£H 

[0 10 3] <<*4©^«>>S5fcm 6fc»T 
&?\Z* *Mn!Ay77ll 1 HUB*., SSSffin^ 40 
/t7 7 7ll 2$!>iiIjSttg3 3£SfibTJ2fiSU 
Pi^l/^^il 9©ilTOaa«ni!ny77Bl 2 

[0 10 4] »4©HJfi«<7)«a!l GBTO«ifi 

tt, Sg3<0*««0>«a!I GBTH«. ni«tt!3 3 

So 

[0 10 5] ft*. 01 6Tttfe2<a£»H®¥«#ft 



*£BS¥8-2 2 7 9 9 9 
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I GBTI:»l6$1Jfc8^ <SaSnl(A*ty^ r Bl 1 
l:MT»»SnaA^7ril 2&%ni^-Xll 

ft£o 

[0106] ft*, m4(Dmmm(ommi gbtoti 
j§mte> 020 T^b^» i tra 

US. 

[0 10 7] «S5C0^WJ» 

<st 1 <Dm®> 

<m&>w 2 i *&m<Dm 5 <Dmmm\z£zmM i 

GBT<omiOSS«©»r®«iit^-r8Ff®0Ta5So 
0tC^<t^(C, iiSSfiin^^-T,^ 1 <B_tBaSK: p3! 

3<0^MlcSmcBS»bTnSx^^^Bl 7RtfB» 

Spiiu^w^n, n^^-xBio±Bseic 

Pi^-Xll 3it4Ltfti9InMA777ll 1 

/^77§i 2- ftmtticmbTjMfcsru ®ss 

nlA*777ill&MIKnlA*777ll2 / <E> 

mw\zvmzji/?*mi 9i>m9imzj&j&2tiz. -rft 

fr^, pSni/^^il 9£iSStanSK~X/l 1 ^tc 
aHSnlA*777ll2' tfi»*nSAy77il 

1 ^TWiaEbTiSttSn* fflttnS;^7ril l& 
rffiISniA*7 77ll2' tpl3l/^^119t 

[olos] 025ft ms(Dmmm<Dmi(Dmm(om 

MlGBT<3¥®J8££^¥S0T&*o 02 
6 te0 2 5 <Z>®«A 1 ^LT^tTOf^S. 0 

2 5 COC - C«rffij&t0 2 1 iCft^T*- 0 2 5 \Z^^ 
0\Z. B«ffip5!Bl8, n£|Xi=^)117, #'Jy 
Un»gi6, pS^-X@13, nl^-XBl, fl£ 
ift^n^A^rBl l^plni/^^fl 9 co^Hf 

fflUJcnsx^^^Bi 7t>*m&2tis eat, mm\z, # 

■J>"Jn>B|16, pi^-X113, n£!^-XB 
1, ^11^77711 l&lXp^!3lx^^Bl 9 

<Dm-etom\zM&znz>. ft*, p^k-xbi 3_hi:: 

[0 10 9] ^IT, fiISniny77il IftCl* 
1>T, Pinl/^^fl 9<D*ffe&£|^bT¥®BM* 
W«^^B8SnlA'^7 7i 12' (1 2 A) 

Pi^H^Il 9<a«&ORJB®ffi£«KbT¥ 
@^^#*(D#^«^ii5Sffin^^7TBl 2' 

d2B) **tn-eniB»bT»«sn-5. 

[0 110] nSx^7^§i7(D-$5, pS*^ 

-XB 1 3 <0«ffiRtf nffl^-XIB 1 ©— ffl±K:y- h 
ttSRl 5A«»J«*n, y-h«SRl 5±lcy~hH 
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-htg2i«^n, panu^Bi 9±icnu 

co 1 1 1] <&mjj&>m2 2~~m2 4\*ms<Dkm 
mom i (D&momm i g b To»is*ft**-r»rBBH 

02 7H 5S£X@*tC:fc#£0 2 6iC 

2 2-02 4&^2 7*#BHLTSB5<D*JS«<D»« 

[0 112] 02 2fcjRTJ:9fc, KffiKnfi^ 

-XJll>ca«»tna<O?FJW«<^>^0S^tf 1. 4 
x 1 0 1 3 c m- 2 ©iTttA OS 1 (D^tmfiZX) L . 16 
«^tTfiiRgnSA t >y77il 1 *»JW*. 
ffil«ni/^77Sl lWKWlWfclna<O^W«-f 
*>£&A (S2OT»fiMA) Lttttett, 02 71c 

^r^ic. mwLmzmmmngirty7 7mi 2' 

iKf*. L^ot, RaflEna/^^rBl 2' «2 

[0 113] 0 2 3^fcfc^^ LOCOS ft 

7-f-^Hlftil4Stfy-"MM« 
[0 114] -eUT, 02 4C^^(C, #'Jy'j3 

(swjecmos b7>isx?(Dmm£.ffim\z. vm^- 
&mftm\zmf&Tz>. wzuisxb&m^miRmzvM 

^-X® 1 3<D^ffiJCnMx^^^® 1 7lcBM£LTit 

tbi i&zf&mmnMrtv7Tmi 2' ^n:pi 

U nix^7^17Rt;BiSpi 
11 8*tl*tl<D—U±\Z3L=iy?mm2 0£j£f&U 
#U3/U3>R1 6±icy-hmffi2 l£^*£U v& 

nwfmi 9±\znu??nm2 2&mf&-?z>zh\z 

02 l-C^b^«aiGBT<^«ig^^T^o 
[0 115] ^5(D^Jf60!lCOmi(O9g«<D®^I GBT 

77il 1) iSS«SeS» (SiSniA777ll 
2' ) t^SftbTM^n, fi«Sniny77il 

i<D-m£v>M3u??®i 9 twf»«sntv^ 

&«k y-h«ffi2 UZlEOWSE&Wlm'rztivMziU 

59m 1 9 icm^A^Hv s-r. Pi3^^^ii9 

d^tiSnSAy77Bl 1 !CiE?L(OttA^J6*0, 



(16) ^¥8-2 2 7 9 9 9 

30 

[0116] — ^>mffi^un : &^<r^^ic(c^ 

t*BTCD*t'J7iKaTMMni!Ay77il 
2' w^ttttaflEtH^-r**!!^**^ MaiLfcJ: 
plcpSinU^Bl 9i:»«$n5fti«naA^7 
7il l^>-g?(D#«trJ;0, S«ttlTO*tU7i 

[0 117] *:<DSk?k, &fc&nmny7?mi 2' <D 

*m%imm&-t-ft&<wim?zzt\zj:t). *>m&o 

[0 118] <Sg2©Sg|$>02 8&M2 9«^n^ 
n^5<7)^Jg^I(D^2<DgiSr^^«SI I GBTOBfrM 
«®R^M«jg^^n-€ : n^-r»rM0S:r/^M0Tfe 
£<, 02 9(DD-DBf||^2 8T^§o 02 9^T 
cfc^fC, BiSnI/b77ll2' tt, pS^l/^ 

b 1 9 ©***icfl^**5^* ( 1 2 o t^o* 

MWftl 2C3^6IUt»ttlcsasnd«Mfll« (1 2 
D) t^SttO, »MnB/ty77il2fl)¥II»tt 

1A777H2' avanMRaaseift 1 <z>a&*n 

[0 119] £ ? ftfllJSOfg 5 ©Ulil©^ 2 roSS 
SoiSlGBTIt ftloMMHI. AHUEna/ty 

[0 12 0] -tCDtt*, 3£*«ttT<O*^UT0>afllK 
TT»Mna/ty77il 2' a^4trBft£+&X 

[0 12 1] JOAT, pS3l/^^)|19^»OT 
*l:ttjBf*aSni/ty77il 2' ffi^tE^^tz. 
«>, T*«fcDpi3l/^^Hl 9 fca>l*T®tf*£2B 

0^aasn^777ii2' £2aa< 
[0122] «m6<D^mm»ms osr/03 ib 

3 1CDE-E0r®#03 0T&-5. CtlbcT^C^T^ 
5fc. M«na/ty77ai2' ' Upi3l/^1 
1 9 WMIipial/^^il 

50 T**fc«)K?8€:«K-r*. 
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[0 12 3] C<D£5teffi&i<Dm6<D$ZfcM<Dmm I G 

bth mscommm (0Sisi;s2osi) tm 

[0 12 4] Lfc^T> 5 (E>3lSg0Jpm t>tff 
[0 12 5] vMnl/trfm 1 9H esapni! 

nyyym i io$aio*i:»issn, pi^i/^i 

19(l:fiiSniny7 7®l 1 <bcD&j|ft®J££l2;< £ 

2' ' ©^tt«toSJB5<D*lt«K±fc3K<Hffi-rS 
[0 12 6] 

n^enoig 1 <oasms!<£^4&igfi£ b i-Bntu 
^n-?n£e»-r**^ u rosace i~cntuc 

*fril:Bl<B2<-<BnW^2: 
BKCi (l^i^n) S*lC*JB-r*. 
[0 12 7] mi-^n<Z)A-^7r^^friC2$ffiS 
IT* £ t ct Dt^Rffi^C^tVlH^^ Z. £ 

[0 12 8] -^OftSS, ^*^l|2«co^y-h^|/>C 
^#-^h^>>>X*«U *#5S2SrSIS-r^^^fCj; 
DA»ft*>«BE*#. ^fr^l&(^*«=^2$r^-r 
*S§B-CSg 1 -Sn(DA # y 7 7 /I<&^**^«££ B 1 - B 
n < ^JTT* C t fr<t 0 JifffclHffi&tf r^- 

[0 12 9] iS*3l2g«Sco|fe^-h^/t^# 
-7h7>yX^H ^1— ^n^Ay :7rJP<^*ti$3 
iSBl-Bn^3, 4X10' s -8. 0X10 17 cm 

■ 3 ©«ii:^lt, *fr^:i^^friC2^s?je-r^ 

[0 13 0] if*^3SI£^i&y-h^|;W45 

[0131] mi<D¥m{tm<om&&»<& 



(17) ^¥8-2 2 7 99 9 

[0 13 2] C(D5!^^i»^4^«<Oitej&>^-h 

g #- ^ h 7 >zsx *v>% 5 v>*n&m\%% 1 Rtf 

ffifR 2 <D A 7 r MX. 0 fefi V>® 1 OA* y 7 T S £ fcS 
[0 13 3] Ifc^ot, *>BM«9fc. mSCD^fr 

»*>£Jt««fi»£fcSS 1 <nny 7 y m&ltl'T** u 

i0 [0 13 4] ^tf>*Sj^ *>«JBE©*ln£K<^<}g* 
A .y 7 r »<B*tt4MME£+$H;:S& < BCTS £ <h#T 

[0135] co»««»t«M^5ett0!)«aby-h 
ha-y #- 7 h 7 >i?x?<Dm 5 o^mttmittm 1 oa 

A 7 7 0 t)fil^ 1 ^7 7 7 1 5 <0*mft 
a? [0 13 6] Lfc^oT, ^>M*&«Ffc, fg5CD¥a*ft: 

n * s tt&w&mmtzm 1 cd a 7 7 7@^tT^tu 

[0 13 7] ^Ojg*. *>«JE<0*B;bD£l&<^<£# 

/t* 7 r m<D^f&mmm*-tft\zi$< wrr* z. 

[0 13 8] ft\Z. i5 0*9*fH, 110Ay77 

IM^12 (Drty 77 m<OTKV*»m&*: D-Bi«< 

[0 13 9] C©^^^ffl*^6IB«cO¥»#^ 
ffiS&te* tl^aJIMh7>> ? X^C0^2^mS!cD^ 

fs\-\zwti£i,T^2>tz&* v^)vm&£.m2<»*m&m 
[0140] -e<ojs^ <>x;i««^2(o^«#b^ 

[0 14 1] d<D^{C^^^^^7|S^<D^«^ 

«ihi?s«, t&mr-hmw#-7 h7>i?x?(Dmi 
-mn<Drty77 m^n^en^mmmm b i~Bnc 

SBk (k = 2-n) =Bk-B (k-1) , 
S B 1 =B 1 tUctf, W»*ah7>^X^09 
iM«OW»iSSSB 1-SBncD^^ViTn^ 

50 -<D<ilwg5ELT^-2>. 
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(18) 

33 

[0 142] *#5U : Bl<B2<---<Bn£ 

li (l^i^n) ©A7 7ri«Sl-Si^ 

i n <oyfvmmx98Mo> vi*rn*>— ntm t & (sj— xg 

[0 14 4] C09S9i^«(tdllXqi8G«0¥«(Uft 
S0»tt, S 1 h 7 1 (D^i 

[0 14 5] Lfd^T, Sl^)t#MMh7>yX 

^<oi i <DV3L)i>mmt2t6»y- hs/x-f #— ^ 

vX^(0m2<O#3|#:|lt$^--XSTS3g'r^^i:^ a? 
T€T, *#:£1 :Bl<B2<-<Bnfi»fct'«* 
1 -1 n (DA y77»tt»l-Sn <O^FiW^# AMStC 
<k***««fc±0»i6;*n<&»&, 12<om#2k£3!/ 

h ^ > >>x * <ds 2 * x ;i/®«o®jiiais £i i -i 

[0 14 6] *<D1£M. H^Mlh7>yX^ 
com i o*x;M)i*t»By- hB/X-f h ^ > v 
X^OS2 <0*3Mttl t $ |^-IST8 JS-T * - 

m2<OS^*Sh^>> ? X^(03S2CD^x;i^^ JO 

<o§«a*2i3i<hi i -»n©^»B«»x»3fflo!>vi-rn^- 
[0147] z<D&w\z&iiz>mj£m9mm<»m&ij& 

l-~mn<Drty7 7mte. 1 1 -in©A*7 7 
^n<^Slco*^^jfi6^iaS^Bl-BntL. fN 

»«««fcj?r£<o«ffi£WGDLi3, m5cD**^r^ 

*frS;i : B KB2<-<BnW^2 : B 

i<ci d^i^n) zmzmm.?*. 

[0 14 8] Il^nOA777S^^2^ 
[0 14 9] -t<0«», H5R^9E«0«jS*ftTSlig 



1#§8¥8 - 2 2 7 9 9 9 

Rtf *fr5£ 2 £#t*:-r*SHTl l -InC/ty 7ri© 
^*fi*&«££B 1 -Bn*+#^< KiTT* C^KJ: 

[0150] z.vmmK.*»*m#mi ommn^mfr 

X ^ <OfijgX*§<DX T" * :7(h) £ £ ft— <D^»fii»Sffi» 

\zn?t-?z>^h&-c%z> 0 

[0 15 1] ^C0*£J£, XT7y(b)iXf7y(h)(i:$ 
a. 

[0 15 2] d<o«^«cfe^*iS*JBi 182«<o¥*# 

v>X * (D£!i£X^<OX^ y y (f ) COl 1 ~1 n CD^Kfi^ 

OSfflXfiOXry :/(h) T<O^M4&zSAffiS <h £ft — 
o^««MWA*ffTff5fca6, 1 1 -liKO^&Mfc 

* a® ji <o v*fn*>— (omm t x y ? ft) t * hi* \z 

[0 15 3] JBl-J(!nO^»B«MIAffl3HO 
^fn*-0«Ii:Xfy^(h) ttnWfcSUff-r* 

[0 15 4] COSme«Vt«MMIl 2f2«<0*«# 

^x*<o«jexg<ox^y ^(b) £1 1 <oS#3&*s h 
5 > >*X ^ (OSigXigcox t- y y (h) £ £ co^j&fi^y 

[0 15 5] ^r^lC. »iiy-hl;H#-7h7>y 
X * (OSteXgcDX^ * y (f ) <Ol 1 ~1 n <0^tt4&« 

X ^ (OSiiXSco X t- y •?( 1 ) T co^iWWS AfflS t $ 

»5«J* Affl^Ko Tn^-cofflS t X 5=- y ^( 1 ) t Z n 

[0 15 6] -tcote*. ^fy^(b)Wfy^(l)t« 
Httfc^fr U 1 1 ~ln<0^«^*AfflScov>*rn^ 
-(OM31tX^7^(h)<h^^l^fT-r^^ SigX 

[0ffi(Offi#^^] 

[0 1 ] ZL<DftWe>m 1 <D3£5gWT&*StS! I G B T 
[0 2] 1 l<O^Jfi0d<O«M I GBT<0®iS^^^ 
[gJ3] GBTOKfi^j*** 
[04] 11 <OHJSW<0«l! I GBT0)»6#ft£jK 
[0 5] 11 <0*jK«<0«S I GBT(03p>6«iBa» 
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[09] i2 vmmw<D*mto&mmto<DWkism*: 

^t* t9f®0Tab^»o 

[010] s 2 <Dmmm^mfmmm»<omm^m 

[011] SI 2 CD*««C0#*#:«aiHia<Z>»5iirfe 
£^TBr®0T&*o 

[012] SI 2 <0ft«Mo¥«lfMM«lBlR(DSje^ 
^^T»ra0T»>5o 

[013] m 2 O^Jfi^J^^^frmiBllelKOKM^^ 
£*vr®rM0-e&*. 

[01 4] TSB«KZ>fT*Ba*ffi«i:nfflAy7 7gi: 

[01 5] z<D&m<Dm3<Dmmm-z$>*mMiGB 

[016] CO»W<0*4O*JB«f!|-C*S«Sl GB 
[017] akfe<Z>#t£! I G B T O«jS€:^-r»T®0T 
[018] S£*0NMOS h ^ > V ^ ^ <D#m&fK-r 

[019] a^<7)«M i g b t (o^mmfe&TK-r^ffi 



4#&?l¥8-2 2 7 9 9 9 

[020] mi<D$zmm<Dmsi gbtwi«ss 
[02 1] cosmoflisomkMTftdiaii gb 

T<£>|fl 1 <affi«<D#K§£^TW®0T**o 
[02 2] « 5 tf)§HS£0ifCDi|| 1 OttR4)«&2rH;£7K 

-rer®0T&3o 

[023] is <©sisfiw<z)» i <Dmm<D$mjj&&7K 

[024] « 5 <D^mm<om i <os8«cDS3t*ft 
-r^r®0-e*^o 

[025] « 5 <o^jb«i<z>» i <Dmm<D¥mm&*7K 
[026] 025 co— &*mm\z9jkT¥mm*v&z>. 

[02 7] fg 5 ttftJEfflOS 1 <Dm&<DmfcJjm*7ik 

[028] ^^floS 5 03KlMr?&«*B I G B 
TOfg 1 <Offi«|(^«3g$:^-r»rffi0T»^o 
[029] ^5 <D^SS0UCD^ 2 (Dtg«<D¥®«7§£^ 

[0 3 0] E©»W©SB6©Htt«-ca*«a!l GB 

[03 1] S6^S^iiIGBT©¥IiS5 

[8F^<Z>R9|] 

1 nS^-Xi, 5 ni9x;«, 6 pgl^x;!/ 

He, ii eiasna/t-;77i, 12 sasn^i 
A f 777i, 12' mmmnmrtyy Tm* 12'' 



(19) 



i0 



[0i] 



[02] 



! 

'M °^L ^° , 2 \b 9 



7 



11 



1 : nC<-Jl 
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